Pregnancies complicated by diabetes have largely increased in number over the last 50 years. Pregnancy is characterized by a physiologic increase in insulin resistance, which, associated with increased oxidative stress and inflammations, could induce alterations of glucose metabolism and diabetes. If not optimally controlled, these conditions have a negative impact on maternal and foetal outcomes. To date, one can resort only to diet and lifestyle to treat obesity and insulin resistance during pregnancy, and insulin remains the only therapeutic option to manage diabetes during pregnancy. However, in the last years, in a variety of experimental models, inositol and antioxidants supplementation have shown insulin-sensitizing, anti-inflammatory, and antioxidant properties, which could be mediated by some possible complementary mechanism of action.
| INTRODUCTION
Prevalence of obesity, type 2 diabetes, and gestational diabetes mellitus (GDM) have dramatically increased over the last 50 years in women in fertile age. 1 A growing number of pregnant women are at risk for these conditions, all of which are characterized by insulin resistance, hyperinsulinaemia, inflammation, and increased oxidative stress. 2 During pregnancy, a physiologic increase in insulin resistance occurs because of the release of placental hormones. These hormones aim to promote nutrients utilization by the foetus, especially in the second and third trimester. 3 On the other hand, insulin resistance associated with pregnancy is the main pathogenic mechanism leading to the development of GDM. 4 GDM does induce chronic maternal oxidative stress and inflammation. 5 During pregnancy complicated by diabetes and/or obesity, an increase in the plasma concentration of circulating pro-inflammatory cytokines such as tumour necrosis factor-α (TNF-α) and Interleukin 6 (IL-6) is associated with a reduction of plasma levels of antiinflammatory molecules such as adiponectin and Interleukin 10 (IL-metabolic alterations and vascular disease. 8 Given this, GDM could be viewed as a sort of short-lived metabolic syndrome with oxidative stress-related hyperglycaemia and inflammation playing a key role in the development of GDM. These alterations may induce modifications in signalling pathways responsible for several intracellular processes. 9 Some of the processes are related to the inhibition of the insulin signalling pathway, resulting in insulin resistance, 10 reduced insulin gene expression, and consequently, reduced β-cells insulin secretion.
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In most countries, none of the oral antihyperglycaemic drugs are approved for use during pregnancy. For this reason, one can resort only to a diet and a certain lifestyle for treating obesity and insulin resistance during pregnancy, and insulin remains the only therapeutic option to manage diabetes during pregnancy.
In the last years, inositol (Myo-and D-chiro-inositol [DCI] ) and antioxidants (eg, lipoic acid, resveratrol, and epigallocatechin-3-gallate
[EGCG]) have shown anti-inflammatory and insulin-sensitizing properties in a variety of experimental models, with several data suggesting an important role for these molecules in modulating the pathogenesis of inflammation, oxidative stress, and insulin resistance. 12 Inositol acts as a mediator of the action of insulin, and it is necessary to activate key enzymes in the metabolism of glucose.
Antioxidants exert anti-inflammatory activities and ameliorate cellular glucose metabolism by reducing the levels of oxidative stress. 12 Inositol-and antioxidant-based supplements could then represent a valid therapeutic approach in pregnancy complicated by diabetes and by insulin resistance in order to improve glucose metabolism and delay or avoid insulin therapy when needed.
However, each compound could target different mechanisms involved in the pathophysiology of insulin resistance and diabetes with useful and possible complementary effects. The selection of the inositol isomers or antioxidant molecules and their association should be made according to the type of alteration/disease presented. Moreover, scant information is available regarding the dosage and timing of these supplements administered, useful to obtain a significant improvement in metabolic homeostasis.
The aim of the present study is to review the available evidence (gathered through a PubMed literature search, from February 2018
to January 2019, including the terms "Inositol," "Myo-Inositol," "DChiro-Inositol," "Lipoic acid," "resveratrol," "diabetes," "gestational diabetes," "obesity," "pregnancy," "insulin resistance," "oxidative stress,"
"inflammation," "glucose homeostasis," and "safety") on the effects of inositol-and antioxidant-based supplement administration during pregnancy complicated by insulin resistance and/or by diabetes (Table 1 ). This could help to guide the clinician's evaluation and choice of the appropriate supplementation regimen.
| INOSITOL MOLECULAR AND METABOLIC ASPECTS
Inositol (cyclohexanehexol), a cyclic carbohydrate with six hydroxyl groups, was originally isolated in 1850 from muscle extracts by Scherer and named Myo-inositol (Myo), from the Greek word meaning "muscle." 26 Myo can be obtained through biosynthetic mechanisms and from dietary sources. Although Myo was initially considered as an essential nutrient belonging to the vitamin B family, 27 it has been observed that the liver and the kidneys are able to produce up to 4 g/day of inositol.
Inositol deficiency may arise through a plethora of different mechanisms, including reduced intake, increased catabolism and excretion, decreased biosynthesis, and an inhibition of intestinal and cellular uptake.
Inositol deficiency can significantly affect several human pathological conditions. 27 Myo is a precursor for many inositol-containing compounds, playing critical and different roles in signal transduction, in membrane biogenesis, in vesicle trafficking, and in chromatin remodelling. 28 Myo is only one of the nine possible structural isomers of inositol, as other naturally occurring stereoisomers have been found: scyllo-, muco-, epi-, neo-, allo-, cis-, D-chiro-, and L-chiro-inositol. 26 In vivo
Myo can be converted into DCI in tissues expressing the specific epimerase. 29 The epimerase activity is strictly dependent on insulin and shows a tissue-dependent modulation. 30 It has been observed that the epimerase activity is dependent also on time, on pH, and on cofactors availability. 31 In diabetic rats' insulin sensitive tissues (liver, fat, and muscle), the conversion from Myo to DCI is reduced (20%-30% vs 5%, respectively), and the epimerase activity is significantly impaired. 32 A lower activity of the enzyme epimerase seems to explain the decreased urine and tissue DCI content (and increased Myo to DCI ratios) in conditions characterized by insulin resistance. 31 The action of inositol epimerase also determines the physiological tissue distribution of Myo and DCI, which influences their distinct physiological functions. 33 Myo is associated with glucose transporters translocation and glucose utilization, while DCI is majorly involved in the synthesis of glycogen in the liver, in fat, and in muscle tissue. 33 As a matter of fact, Myo and DCI seem to be both implicated in glucose homeostasis, since abnormalities in the metabolism of both has been associated to insulin resistance and diabetes. 34 Conversely, glucose can interfere with Myo metabolism at different levels, both increasing Myo degradation and inhibiting its biosynthesis and absorption, thus contributing to the Myo depletion observed in diabetes. 27 Several abnormalities in the Myo pathway have been associated with abnormalities of the glucose metabolism pathway. 35 Inositol is actively transported into the cell through two different mechanisms, primarily involving sodium ion-coupled (SMIT1 and SMIT2) and proton-coupled transporters (HMIT1). 36 SMIT1/2 are influenced in different ways by glucose and by glucose-dependent metabolic pathways. 27 For instance, inhibitors of the sodium/glucose transporter 1/2 prevent both inositol and glucose uptake in hepatocytes, probably because this transporter system is common to these molecules. 37 Cellular inositol uptake is also decreased in the presence of high glucose concentrations. A competitive inhibition of sodium ion-coupled transporters during hyperglycaemia leads to a Myo depletion in nervous tissues. 38 Accordingly, in retinal epithelial cell cultures, inositol uptake could be significantly inhibited by high (20mM) glucose concentration via a competitive mechanism. 39 As glucose interferes with inositol metabolism, inositol seems to exert a remarkable effect on glucose metabolism. In fact, it has been observed that inositol may directly act as a second messenger in the insulin signalling pathway having an important role in glucose metabolism as shown in Figure 1 . Insulin can activate key enzymes involved in the oxidative and non-oxidative glucose metabolism, which requires mediators such as inositol phosphoglycan (containing DCI). 34 In this scenario, DCI is a mediator of insulin actions necessary to activate key enzymes in glucose metabolism, and in turn, it is involved in the pathogenesis of insulin resistance. 40 Insulin stimulates glycosyl- uptake ( Figure 1 ). Thus, intracellular inositol depletion can lead to insulin resistance, while restoring inositols cellular levels is expected to exert positive action on glucose metabolism.
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A generalized deficiency of DCI bioactivity and content was observed in hemodialysate and in the muscle of type 2 diabetes patients compared with healthy subjects. 41 Moreover, as compared with healthy controls, urinary DCI excretion was found significantly reduced in impaired glucose tolerance, in first-degree type 2 diabetes subjects' relatives, and in type 2 diabetes subjects, whereas the Myoinositol excretion was elevated. 34 In addition, urinary excretion of the DCI progressively decreases from subjects with normal glucose tolerance to subjects with impaired glucose tolerance and subjects with diabetes. 42, 43 In contrast, Ostlund et al 44 observed that DCI clearance was selectively elevated in both non-insulin-dependent and insulindependent diabetic subjects when compared with clearance of Myo.
In addition, Baillargeon et al 45 observed a direct relation between the degree of obesity or insulin resistance and DCI renal clearance.
In these patients, however, the Myo/DCI ratio was still elevated, indicating that Myo excretion remains greater than DCI excretion. 44 Insulin resistance is a physiologic phenomenon characterizing normal pregnancy, pathologically exacerbated in GDM. Scioscia et al 46 observed that, as compared with healthy non-pregnant women, in normal pregnancy, there is a higher urinary concentration of inositolphosphoglycan P-type, which contains DCI; an even higher urinary concentration of DCI was measured in GDM compared with control pregnant women. 47 A possible interpretation of these data is that during pregnancy, DCI production increases in response to maternal hyperinsulinaemia in order to improve glucose disposal. The same authors observed a positive association between DCI urinary excretion and poor glycaemic control in the second trimester of pregnancy. 48 On the contrary, they observed that a poorer glycaemic control resulted in a reduction on Myo urinary content. 49 The authors argue that increased DCI production/excretion, as well as the reduced Myo urine content, could represent a compensatory reaction to the hyperinsulinaemic state, rather than a primary effect mediated by insulin resistance. Thus, alterations in Myo/DCI metabolism could be among the mechanisms responsible for some diabetes-related negative outcomes, such as macrosomia or impaired intrauterine growth. 46 DCI deficiency has been observed in different conditions sharing insulin resistance as one of the etiopathogenic mechanisms, such as polycystic ovary syndrome (PCOS) or preeclampsia (a condition in which an insulin resistance state has been observed). Scioscia et al 50 observed that, following insulin stimulation, the placenta membranes of a woman with preeclampsia released less DCI as compared with the placenta membrane of healthy women. These data further emphasize the correlation between impaired plasma DCI and insulin resistance and hints that the imbalance between DCI and Myo might be related more to insulin resistance rather than to type 2 diabetes.
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FIGURE 1 Role of inositol in insulin signalling pathway (inspired on Larner and Brautigan 34
). Upon binding with its receptor (IR), insulin induces IRS-1 recruitment and activation. One of the principal IR/IRS target, PI3K, then generates Phosphatidilinositol to activate PDK1 and subsequently PKB/Akt. These actions are involved in GLUT4 translocation and in glycogen synthesis. According to the theory of Larner and Brautigan, 34 IR activation might also be coupled to a heterotrimeric G protein, which in turn activates a phospholipase responsible for Glycosilphosphatidylinositol hydrolysis with the production of soluble inositol phosphoglycans. Upon insulin receptor activation, inositol phosphoglycans are released outside the cell and subsequently reimported by SMIT. Inositol phosphoglycans may act as a putative second insulin messenger. In the cytoplasm, inositol phosphoglycan binds to and allosterically activates PP2Cα and/or IRS, with the consequent direct stimulation of glycogen synthase. In the mitochondria, activated PDHP stimulates PDH and consequently glucose oxidative metabolism. Abbreviations: GLUT-4 glucose transporter 4; GSK3, glycogen synthase kinase 3; IR, insulin receptor; IRS insulin receptor substrates; PDH, pyruvate dehydrogenase; PDHP, pyruvate dehydrogenase phosphatase; PDK-1 phosphoinositide-dependent kinase 1; PI3K, phosphoinositide 3 kinase; PKB/Akt, protein kinase B/Akt; SMIT, sodium/myo-inositol transporter; PP2Cα, phosphoprotein phosphatase 2C alpha Few but interesting preclinical data exist regarding the role of inositols in the prevention and treatment of endothelial alterations.
Nascimento et al 51 observed that inositols improved the endothelial function in diabetic rat and rabbit vessels. A synthetic derivative of DCI (dibutyryl DCI) was effective to acutely reduce the ROS in endothelial cells and to preserve nitric oxide signalling in a dose-dependent manner. 51 Moreover, DCI reduces vascular damage progression by modulating the protein kinase C (PKC) activation, the hexosamine pathway activity, and advanced glycation end product formation. 51 According to these findings, inositol could play a pivotal role in insulin signalling impairment, in metabolic disorders, and in endothelial dysfunction. Several clinical findings are emerging with regards to the impact of inositol supplementation in human pregnancy.
| CLINICAL EFFECTS OF MYO-INOSITOL SUPPLEMENTATION
In humans, it has been demonstrated that, as compared with normal pregnancy, patients with GDM exhibit significantly greater urinary inositol excretion in the first trimester, which is consistent with an alteration of insulin's effects on inositol metabolism in this group. 52 According to these findings, a randomized, controlled, open-label study was carried out in 84 pregnant women diagnosed for GDM between 24 and 28 weeks of gestation to assess the effect of Myo supplementation on insulin resistance parameters. 13 Insulin resistance (HOMA) and adiponectin circulating levels were assessed. As compared with the control group, a significantly greater reduction in HOMA, fasting plasma glucose, and insulin levels (P = .0001), associated with a greater increase in circulating adiponectin levels (P = .009) were observed after 8 weeks of treatment with 4 g Myo/die. 13 Fraticelli et al 20 by GDM treated with Myo (4000 mg) showed a significant amelioration in insulin resistance and a lower variation in average weight gain during pregnancy as compared with DCI (500 mg) and to Myo/DCI (1100 mg/27.6 mg). Moreover, women exposed to Myo and Myo plus DCI required a significantly lower necessity of an intensified insulin treatment. 20 Myo, at dosage of 2 to 4 g/day, significantly improved metabolic parameters in several conditions characterized by insulin resistance (menopause, metabolic syndrome, and PCOS). 31 Given the evidence supporting the notion that Myo supplementation could improve insulin resistance, several randomized and controlled studies have been carried out in recent years to evaluate whether Myo supplementation may delay or prevent the GDM onset in pregnant women with risk factors for GDM.
The incidence of GDM was investigated in three randomized, controlled trials after 4-g/die Myo supplementation in pregnant women (after the first trimester) with different risk factors: familiar history of type 2 diabetes, 14 obesity, 15 and overweight. 16 As compared with placebo, the incidence of GDM was significantly reduced in women supplemented with Myo in all treatment groups. In particular, in women with a family history of type 2 diabetes, the incidence of GDM was of 6% (vs 15.3% in the placebo group, P = .04); in obese women, it was 14% (vs 33.6% in the placebo group, P = .001), and in overweight women, it was 11.6% (vs 27.4% in the placebo group, P = .004).
In the three studies, the odds ratios (ORs) for occurrence of GDM On the other hand, the evaluation of additional secondary outcomes (incidence of foetal macrosomia (birth weight > 4000 g), gestational hypertension, preterm delivery, caesarean section, shoulder dystocia, neonatal hypoglycaemia, and neonatal transfer to an intensive care unit) did not reveal appreciable differences between the Myo-and the placebo-exposed groups. This could be explained by the low rate of occurrence of such events, limiting the statistical power of the studies. Since the three aforementioned studies were carried out on homogeneous populations and were performed with superimposable protocol and methodology, it was possible to conduct a pooled analysis relative to the rate of adverse foetal and maternal clinical outcomes. 53 Myo treatment was associated with a reduction in the incidence of GDM (11.0% vs 25.3%, P < .001), in the risk of preterm birth (3.4% vs 7.6%, P = .03), in the prevalence of macrosomia (2.1% vs 5.3%, P = .04), in the percentage of large-for-gestationalage (LGA) babies (4.8% vs 8.9%, P = .04). Only a trend towards a reduction was observed for gestational hypertension (1.4% vs 3.9%, P = .07).
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A recent meta-analysis conducted on the same trials confirmed these results. 54 It should be kept in mind that these are retrospective
analyses based on open-label studies still suffering from a lack of statistical power related to the relatively low occurrence of the outcome considered. Furthermore, the randomized controlled trials included in the analyses, having enrolled mostly Caucasian women, still remains unclear as to whether these results can be extended to women of different ethnicities. tation (2 g twice a day) in women at high risk for GDM reduced the incidence of diabetes as compared with DCI alone (500 mg) and also as compared with the association of Myo/DCI (1100 mg/27.6 mg).
Myo supplementation in GDM treatment was also the object of a Cochrane review in 2016. 55 The authors concluded that it remained uncertain as to whether Myo supplementation could affect the need for insulin therapy during pregnancy. They also concluded that the evidence in support of a clinically significant Myo supplementation effect on fasting blood glucose and adverse pregnancy and/or neonatal outcomes is still to date insufficient.
All of the abovementioned clinical results on Myo supplementation need to be considered in light of the fact that to date, little is known about the bioavailability and optimal dosage of Myo. The allowed maximum daily inositol intake is presently up to 4 g. On the basis of the few available data, it seems that splitting the 4-g dose into two
daily administrations results in a full-day coverage. 56 It still remains to be ascertained as to whether some pharmaceutical forms are better than others and which they eventually could be.
| CLINCAL EFFECTS OF D-CHIRO-INOSITOL SUPPLEMENTATION
Positive effects on metabolism have also been demonstrated for DCI. 57, 58 To date, three studies reported the effects on metabolic parame- 
| CLINICAL EFFECTS OF MYO/DCI ASSOCIATION SUPPLEMENTATION
Although a much larger experience exists with Myo rather than with DCI particularly in GDM women, clinical data are available regarding the combination of the use of DCI and Myo/DCI.
In a pilot study involving 20 patients with type 2 diabetes mellitus, a combination of Myo 550 mg and DCI 13.8 mg added twice a day to glucose-lowering drugs was associated with a significant reduction in blood glucose and HbA 1c levels after a 3-month follow-up. 59 Sixty days of treatment with a fixed combination of Myo/DCI/Folic Acid (2000 mg/400 mg/400 μg, respectively) plus 10 mg of manganese was shown to significantly improve plasma lipids and blood glucose in a study carried out in 48 healthy pregnant women, enrolled between 13 and 24 weeks of gestation. demonstrated the greatest benefit of Myo (4000 mg) compared with DCI alone (500 mg) and Myo/DCI association (1100 mg/27.6 mg) in the prevention of GDM in high-risk pregnant women. These results, at odds with the previous study by Dell'Edera et al, 21 could be due to either the use of inadequate doses of Myo/DCI or to late intervention. 22 
| INOSITOL SAFETY
Inositol supplementation during childbearing age and during pregnancy has risen greatly in recent years, and it is therefore appropriate to explore not only the efficacy but also the safety of these molecules.
Both animal model studies and several clinical trials have been conducted in order to evaluate the safety of inositol supplementation. 60 Preclinical data indicate no toxic effects in terms of kidney and cognitive functions or carcinogenesis. [61] [62] [63] In mouse models, the preimplantation embryo exposure to Myo (10mM) resulted in absence of early toxic effects, as suggested by normal prenatal and short-term postnatal development, and in a significant increase in the overall rate of the live births obtained, as compared with embryos cultured in absence of Myo. 64 The safety of inositol supplementation was also demonstrated in humans. 60 Myo has been used in preterm infants (<29 weeks of gestational age) with respiratory distress syndrome in order to assess safety and pharmacokinetics of different daily inositol doses (10, 40, or 80 mg/kg/d). In this setting, treatment with Myo 80 mg/Kg/die for more than 10 weeks did not result in increased incidence of any adverse event as compared with control babies. 65 In clinical trials in which inositol dosages ranged from 4 to 60 g/day and the exposure time ranged from 1 to 12 months, the only adverse events reported were mild gastrointestinal symptoms (nausea, flatus, and diarrhoea) but only at doses greater of 12 g per day. It is worth noting that the severity of the adverse event did not worsen with increasing dosage from 12 up to 30 g. 60 However, these dosages are not currently allowed for supplementation. Furthermore, no side effects were observed in patients receiving intervention with DCI (27.5 up 500 mg/day) in the clinical studies available. [18] [19] [20] [21] [22] According to the aforementioned data, inositol is defined as generally recognized as safe (GRAS) by the FDA, which allows its use also in infants. 66 Regarding foetal safety, the transplacental passage of Myo to the foetus seems not to be clinically relevant. 67 Further studies are required to establish long-term maternal and foetal safety, involving a larger number of patients from different ethnicities and with different risk factors for GDM.
| PRE-CLINICAL AND CLINICAL EFFECTS OF INOSITOL PLUS α-LIPOIC ACID AND OTHER ANTIOXIDANT MOLECULES SUPPLEMENTATION
Most of the MI/DCI fixed dosage combinations available for inositol supplementation also contain molecules with alleged antioxidant properties. For some of these molecules, evidence is available regarding their efficacy and safety reviewed below.
| α-Lipoic acid
α-Lipoic acid (LA) is a potent biological antioxidant and a naturally occurring cofactor of mitochondrial dehydrogenase complexes. 68 It is believed to directly scavenge ROS and reactive nitrogen species (RNS), both in vitro and in vivo. 69, 70 LA regenerates essential antioxidant molecules, ie, coenzyme Q10, vitamin C, vitamin E, etc and chelates several heavy metals involved in oxidative processes. [71] [72] [73] In addition, LA can also repair oxidative stress-damaged proteins, lipids, and DNA. 74 Besides its antioxidant properties, LA can positively modulate insulin signalling pathways associated with an increase in oxidative stress such as those activated by inflammation and/or hyperglycaemia, putatively involved in both type 2 diabetes and in vessel damage pathophysiology. 70, 75 For this reason, the use of LA as a therapeutic agent has recently been proposed in diabetes and obesity.
High-fat diet-fed rats exhibited less weight gain and a better plasma lipid profile as compared with the control group when supplemented with LA. 76 A few studies suggest that the LA supplementation ability in mitigating insulin resistance could be related to the modulation of visceral adipose inflammation. In white adipose tissues, the LA is able to stimulate expression and synthesis of protective factors such as AMPK and adiponectin and attenuate the release of cytokines such as monocyte chemokine protein 1 (MCP-1) and TNF-α. 77, 78 The LA could have direct actions on the insulin-controlled metabolic pathways, such as glucose uptake and glycogen synthesis. In vitro studies showed that LA is able to increase the GLUT1 and GLU4 translocation on adipocytes plasma membranes, 79 probably by increasing the activity insulin receptor substrate-1 (IRS-1), phosphatidylinositol PI-3K, and serine/threonine kinase Akt1, key enzymes involved in the insulin signalling pathways. 80 Consistent results were obtained in animal models of insulin resistance. LA restored skeletal muscle insulin-stimulated glucose uptake in obese
Zucker rats [81] [82] [83] and reduced plasma glucose levels while enhancing skeletal muscle insulin-stimulated glucose uptake in streptozotocininduced diabetic rats. 84 LA supplementation could have beneficial role on pregnancy as supported by preclinical observations indicating a protective effect of this molecule against diabetic embryopathy, foetal losses, and ultrastructural alteration of diabetic placentas. 85, 86 Treatment with LA reduces markers of oxidative stress in patients with diabetes. 87 In obese subjects with or without glucose intolerance, LA doses ranging from 1000 to 1800 mg for up 20 weeks resulted in a 3% body weight loss (about 3 kg). [88] [89] [90] In an additional study, a significant reduction in plasma levels of inflammation markers (CRP, TNF-α, and IL-6) was also observed in obese subjects after LA supplementation. 91 When administrated intravenously in obese patients with glucose intolerance, 600 mg of LA for 2 weeks resulted in an improvement in insulin resistance and lipid profile and in decreased proinflammatory cytokine (TNF-α and IL-6) plasma levels. 92 Three hundred-milligram LA supplementation for 2 months in type 2 diabetic subjects significantly decreased fasting plasma glucose, postprandial glucose, and insulin resistance. 93, 94 On the other hand, in a study by Xiao et al, 95 a short-term (2 weeks) oral LA supplementation did not result in any improvement in insulin resistance in obese or overweight subjects.
The described data suggest a potential active role for LA in modulating glucose metabolism, thus allowing to consider a possible beneficial role of LA supplementation in pregnancies complicated by diabetes and/or obesity. Indeed, LA administration was associated with a lower incidence of miscarriages, 96 spontaneous contractions, 71 and preterm premature rupture of human foetal membranes. This effect could be mediated by the inhibition of TNF-α induced remodelling and weakening of human foetal membranes. 97 To our knowledge, however, to date, no clinical trials have been conducted exploring the effects of LA supplementation in pregnant women with GDM. However, the evidence gathered so far in nonpregnant subjects, in our opinion, should encourage the carrying out of these studies. They could confirm a positive and safe role of the use of LA acid in pregnancies, complicated by diabetes.
| α-Lipoic acid safety
LA supplementation is safe for humans. This molecule is commonly introduced with diet (vegetables, brown rice, and red meat are, among others, food rich in LA). LA intake with food and/or as a dietary supplement did not induce any side effects even at high-dosage intake, and so far, no upper limit for LA intake has been established by the Italian Ministry of Health. 98 In a large number of research studies exploring the efficacy of LA supplementation in different settings (mainly in relation to diabetic neuropathic treatment), LA resulted definitely safe even at high dosages (as high as 1200-1800 mg/day for 5 years). 89 
| Resveratrol
Resveratrol, a polyphenol found in a number of plant-based foods, for instance, red wine, has received a great deal of attention because of its several potential effects on health. 107 In diabetic rats, resveratrol supplementation was associated with an improvement in metabolic parameters, the prevention of embryonal malformations, 108 and the reduction in glucose excursion, likely as result of histone deacetylase Sirtuin 1 activation. 109 Human studies have shown that resveratrol is readily absorbed by the intestinal tract and is then rapidly metabolized and excreted, accounting for its low bioavailability, 110 which could however be improved by the use of more potent resveratrol isoforms or by enhanced delivery methods.
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The only data available on the use of resveratrol in GDM preg- Myo/DCI vs placebo (P < .02). As compared with Myo/DCI alone, Revifast plus Myo/DCI was also associated with a significant reduction in triglycerides and total cholesterol (P < .03). None of the enrolled women developed GDM, making it impossible to determine whether any of the explored treatments had an effect on the occurrence of GDM. 
| Resveratrol safety
The European Food Safety Authority (EFSA), on the basis of the available data on trans-resveratrol (taking into account 23 articles on human studies and a review that covered 14 additional human studies), concluded that the molecule is safe and is not nutritionally disadvantageous.
Genotoxicity, carcinotoxicity, and chronic toxicity studies did not demonstrate any harmful effects at a dosage of up to 150 mg/day.
Considering the weight of the evidence, the panel concluded that the intake level of 150 mg/day for adults does not raise safety concerns. 
| Epigallocatechin 3-gallate
EGCG is the most abundant polyphenol in green tea leaves. Green tea has been associated with positive effects in the treatment of obesity and other associated comorbidities such as type 2 diabetes. These benefits are thought to be related to the anti-inflammatory and antioxidant effects of green tea and to the reduction in body fat percentage exhibited by its bioactive compounds.
EGCG seems to be associated with positive effects when used in the treatment of obesity and type 2 diabetes. The observed benefits are thought to be related to potential anti-inflammatory and antioxidant properties of EGCG and to the reduction in the percentage of body fat observed in subjects exposed to the molecule. 113 However, available information on the EGCG role in metabolic disease are to date contradictory. 114, 115 It has been observed that EGCG improves insulin-stimulated glucose uptake in cells from mice skeletal muscle, 116 and its use was associated with a reduction in body weight and albuminuria in diabetic nephropathic patients. 115, 117 Zhang et al 25 formally investigated, in a randomized, placebo controlled, double-blind, clinical trial whether EGCG supplementation (500 mg/die) was able to improve maternal metabolic parameters and neonatal outcomes in 404 pregnant women affected by GDM.
The EGCG intervention resulted in a significant reduction in fasting plasma glucose and insulin levels with a significant improvement in insulin sensitivity. Moreover, neonatal hypoglycaemic episodes, respiratory distress syndrome, and macrosomia were significantly lower in EGCG-treated GDM patients as compared with the placebo group.
Although obtained so far only in one study, these data nevertheless support a likely beneficial effect of the use of EGCG supplementation in GDM patients. Rare cases of liver injury have been reported in interventional clinical trials at an intake of doses equal or above 800 mg EGCG/day, most probably due to an idiosyncratic reaction.
None of the intervention studies addressed pregnant women, breastfed infants, or children. However, a report evaluating the reproductive and developmental toxicity of EGCG showed that feeding pregnant rats with diets supplemented with 100, 300, and 1000 mg EGCG/kg/day during organogenesis was nontoxic to dams or foetuses. 118 
| CONCLUSIONS
Both observational studies and clinical trials so far conducted indicate that supplementation with inositol and antioxidants (LA, resveratrol, ECGC) is safe and well tolerated in the general population.
A strong body of evidences suggests that, if used early in the course of pregnancy in women at high risk for GDM, inositols are able to significantly reduce the incidence of glucose metabolism alterations during pregnancy. [14] [15] [16] [17] 20, 23 The use of these molecules in GDM is 
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In light of the fact that in diabetic rats and in GDM women, Myo epimerase activity is low and thus Myo-DCI conversion is reduced, 31 the combination Myo/DCI could theoretically be a better choice in pregnant diabetic women or in women affected by GDM. However, the evidence gathered so far, probably in light of the low dose of DCI used in the clinical trials, falls short from proving that this is definitely true.
Extensive evidences exist in support of LA antioxidant properties and of its role as a fine modulator of many pivotal anti-inflammatory and metabolic pathways. This dietary supplement appears to be useful in reducing the incidence of spontaneous contractions and preterm birth. The best results, in the general population, were obtained with doses of up to 1800 mg per day, and these were not associated with any adverse effects. 89 In pregnancy, a daily dose of 600 mg was not associated with any adverse effects in both mothers and infants. 71, 106 However, the efficacy of using this molecule in pregnancy to ameliorate maternal/foetal metabolic outcomes is still far from being proven.
According to the mechanisms of actions described, we can speculate that inositols and LA might exert complementary effects on glucose metabolism. Inositols directly facilitate insulin signalling transduction pathways 34 while LA might reduce cellular ROS formation and thus mitigate inflammation, which in turn has a positive impact on glucose metabolism. 71 Resveratrol and EGCG potential beneficial effects in pregnancy have not been clearly demonstrated at the moment. Very few studies have been conducted in pregnancy, and a much larger body of evidence is needed to eventually confirm the usefulness of supplementation with these molecules. 24, 25 On the basis of the evidence reviewed in this article, we definitely believe that Myo exerts a positive action on the metabolic alterations common in the pregnant state (Tables 1 and 2 ). As to supplementation with LA, although only a small number of clinical studies have been conducted in pregnancy, a large number of clinical trials conducted on the general population supports a positive impact on the glucose metabolism modulation also for this molecule. [87] [88] [89] [90] [91] [92] [93] [94] However, in order to widely recommend use of inositols and or LA supplementation in pregnancy, controlled clinical trials on large populations of women with different phenotypes and ethnicity are still needed. Should the results of these trials confirm the benefit, use of these compounds during pregnancy at risk of GDM or complicated by diabetes should become highly recommended (if not mandated) in order to (a) reduce the incidence of GDM, (b) delay the need for insulin treatment, and (c) reduce insulin doses. These additional trials should also allow to better identify the optimal supplement doses and formulations in relation to peculiar patient characteristics and metabolic alterations.
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